their inactivation and excretion. Some findings 1. Noradrenaline and adrenaline in the adrenal vein of essential hypertensive patients are almost exclusively (99%) unconjugated or free. However only 17% of dopamine is free, the rest is conjugated. The further the site of sampling from the adrenal vein the closer come the free catecholamines to their normal peripheral venous proportion (noradrenaline + adrenaline 20%, dopamine less than 1% of total catecholamines). Deviations from these patterns help to detect the site and type of secretion of phaeochromocytoma.
Introduction
Conjugation of catecholamines predominantly with sulphuric acid in man, appears to be a pathway of (Merits, 1976) . Conjugation is of particular interest in the case of dopamine which is so highly conjugated that it is usually undetectable in blood as free amine. Although noradrenaline and adrenaline appear to be less conjugated the ratio of free to conjugated noradrenaline and adrenaline may be of importance in the determination of their biological activity. A newly developed method for the hydrolysis of conjugated catecholamines permitted us to demonstrate that in normal man only approx. 20% of total circulating noradrenaline and adrenaline and less than 1% of total dopamine are free, the rest is conjugated. The determination of total (free + conjugated) plasma and urinary catecholamines could thus become a new tool of evaluation of the sympathetic nervous system.
Methods
Free and conjugated dopamine and noradrenaline + adrenaline were determined in plasma and urine of 42 untreated hypertensive patients (34 essential, 4 primary aldosteronism, and 4 phaeochromocytoma, the latter 8 surgically confirmed) and 16 control subjects sex matched and close in age. Blood was drawn after overnight fasting and recumbency from a catheter in a peripheral vein or by venous puncture; when searching for a phaeochromocytoma (13 patients) by selective catheterization at several sites of the venous system. Overnight fasting was shown to eliminate the dietary effect on plasma values. Free or conjugated catecholamines hydrolysed by freeze drying in dilute perchloric acid were measured in duplicate by a modification of the method of Coyle & Henry (1973) . (Table 1) The adrenal venous outflow of essential hypertensive patients contains 23.8 & 8 (mean & SE) ng of total noradrenaline + adrenaline/ml, only 1% of which conjugated and 6 1 ng of total dopaminelml, 83% of which conjugated. The further the site of sampling from the adrenal veins, the more highly were catecholamines conjugated. Phaeochromocytoma patients had a very high free/conjugated catecholamine ratio in the outflow from the tumor. During hypertensive episodes peripheral venous concentrations of free catecholamines were increased (noradrenaline and adrenaline in 2 patients and in one free dopamine in addition) whereas peripheral values between paroxysms remained normal (paroxysmic release of catecholamines); in another case there was probably continuous catecholamine release in a predominantly normotensive patient and very high circulating conjugated noradrenaline + adrenaline but normal free noradrenaline + adrenaline were found in the arterial and venous blood.
Essential hypertensive patients like control subjects usually had undetectable free dopamine in plasma, but higher total dopamine. Urinary total (free + conjugated) dopamine was decreased. In response to frusemide their increase of free urinary dopamine and sodium excretion was blunted. Their plasma free and conjugated noradrenaline + adrenaline was not different from control subjects. Blood taken in hypertensive subjects by direct venous puncture had more free noradrenaline + adrenaline and lower percentage of conjugated noradrenaline + adrenaline than when taken through an indwelling venous catheter. Conjugated noradrenaline + adrenaline in essential hypertensive patients correlated positively with age (r = 0.41, P < 0.05) and mean arterial pressure (r = 0.46, P < 0.05) and age and mean arterial pressure were also positively correlated (r = 0.56, P < 0.01). In response to frusemide they experienced, compared with control subjects, less sodium excretion but their plasma free noradrenaline + adrenaline increased 20 min after frusemide.
Primary aldosteronism increased plasma total (free and conjugated) dopamine but a lower proportion (86%) of dopamine was conjugated than in control and essential hypertensive patients (>99%). Urinary excretion of free and conjugated dopamine was higher in primary aldosteronism. After removal of the adenoma two patients who improved clinically decreased their urinary free dopamine but one patient who remained hypertensive after operation (unilateral adrenalectomy in bilateral micronodular hyperplasia) did not change his urinary excretion of free and conjugated dopamine.
Discussion
Measurements of conjugated catecholamines complement the determination of sympathetic activity in human hypertension in several respects. The outflow of the human adrenal contained noradrenaline and adrenaline almost exclusively free and approx. 17% of dopamine free; the closer the site of sampling to the periphery the more closely it approaches the usual peripheral degree of conjugation (approx. 80% of noradrenaline and adrenaline and more than 99% of dopamine). Phaeochromocytoma patients compared with this 'normal' regional free and conjugated catecholamine outflow have higher free and less conjugated catecholamines in the outflow from the tumour for the respective site of sampling. At the height of a crisis the peripheral blood contains almost exclusively free noradrenaline, adrenaline or dopamine but within 10 min (with blood pressure returning to normal if elevated), the normal ratio of free and conjugated catecholamines is reestablished. With continuous renal excretion of conjugates, there is a time lag between the initial flooding of the circulation by free catecholamines from the tumour and the re-establishment of the normal ratio of free and conjugated catecholamines in the circulation. Whereas these patterns appear to be typical for a phaeochromocytoma with paroxysmal release of noradrenaline + adrenaline, a very high conjugated circulating noradrenaline + adrenaline could be found in another patient with phaeochromocytoma who was clinically less conspicuous and predominantly normotensive; high conjugated noradrenaline + adrenaline may be the explanation of this clinical 'silence'. A continuous but slow release of noradrenaline + adrenaline from the tumour may induce conjugating enzymes and build up a 'buffering system' of conjugated catecholamines maintaining normal blood pressure even in the presence of excess of catecholamine. Conjugation can, however, be saturated in the presence of large amounts of catecholamine substrate (Goodall & Alton, 1968) and free catecholamine excess can still occur. Measurements of free and conjugated catecholamines may thus help to detect not only catecholamine excess but also its character.
Some forms of essential hypertension have 80s 0. Kuchel et al.
clearly elements of sympathetic hyperactivity which could not be unequivocally substantiated by measurements of free catecholamines (Axelrod, 1976) . The importance of the blood sampling technique (Lake, Ziegler & Kopin, 1976 ) is confirmed by the present results. Direct venous puncture increases free noradrenaline and adrenaline and decreases the proportion of conjugated noradrenaline + adrenaline. We have observed the same pattern in dogs subjected to surgical stress . The increase of free noradrenaline with age in control subjects (Ziegler, Lake & Kopin, 1977) has its counterpart in essential hypertensive patients in a parallel increase of conjugated noradrenaline and adrenaline with age and mean arterial pressure. This may reflect a progressive build-up of an inactivation system in essential hypertensive patients dealing with hyperresponsiveness of free noradrenaline and adrenaline to stimuli. The increase of conjugated dopamine in essential hypertension and primary aldosteronism may reflect a compensatory activation of a dopaminergic vasodilator system (Lang, Bell, Conway & Padanyi, 1976) in response to hypertension. The hypotensive effect of a central dopaminergic stimulation by bromoergocriptine (Stumpe, Kolloch, Higuchi, Kriick & Vetter, 1977) supports this interpretation. The decreased urinary excretion of total dopamine could be explained by a reduction of a midbrain dopaminergic control of the kidney (Bell & Lang, 1973) in essential hypertension. Previously found correlations between urinary free dopamine and sodium excretion suggested an endogenous natriuretic role of free dopamine . The low excretion of free dopamine hyporesponsive to frusemide may be related to the presently and previously (Padfield, Allison, Brown, Lever, Luke, Robertson, Robertson & Tree, 1975) observed intrinsic natriuretic hyporesponsiveness to frusemide. The failure to excrete sodium appropriately is at the heart of the homeostatic disturbance of essential hypertension (Guyton, 1977) .
In contrast with essential hypertension, primary aldosteronism patients have high urinary excretion of total dopamine returning to normal when the source of hyperaldosteronism is removed; thus high dopamine excretion appears to reflect a compensatory phenomenon counteracting the hyperaldosteronism and facilitating the 'escape' from its sodium-retaining action. Deoxycorticosteronesaline hypertensive rats excreted more conjugated dopamine than control rats . In contrast, patients with secondary hyperaldosteronism and oedema who have failed to 'escape', have been shown to have lower than normal urinary free dopamine (Kuchel, Cuche, Buu, Guthrie, Unger, Nowaczynski, Boucher & Genest, 1977) .
